Background and Purpose-The purpose of this study was to evaluate the relative importance of therapy focus, intensity, and length of stay on greater than expected functional gain, controlling for stroke severity. Methods-This observational study included 198 first-stroke patients who were recruited from 8 in-patient rehabilitation facilities and 5 subacute programs. Stroke severity (motor, sensory and cognitive impairment) at admission was measured using an instrument combining all 3 aspects; self-care, mobility, and cognitive status at admission and discharge were measured with the Functional Independence Measure. Time spent by physical, occupational, and speech-language therapists on function-and impairment-focused activities were used to compute therapy intensity by discipline and type of activity. Residual change scores, estimated by regressing discharge on admission functional status, were modeled using patient and therapy characteristics. Results-Controlling for the stroke severity, greater than expected gains in self-care were predicted by longer lengths of stay and more intensive function-focused occupational therapy, and greater than expected cognitive gains were predicted by longer stays alone. Predictors of residual change in mobility, however, differed by gender: greater than expected gains in mobility for men were predicted by longer lengths of stay and more intense function-focused physical therapy whereas, for women, they were predicted by stroke severity alone. Conclusions-Unlike previous studies using raw functional gains, therapies accounted for a significant proportion of the variance in residual functional change. The results support studies suggesting that both content and amount of therapy are important aspects.
T he need to understand what types and intensities of rehabilitation therapies result in optimal and costeffective outcomes has been a driving force behind research for Ͼ20 years. [1] [2] [3] Assuring that patients receive sufficient and cost-effective services has humanitarian, clinical, and policy motives but requires sophisticated modeling to distinguish rehabilitation benefits from natural recovery. Simple regression models use therapy intensity (dose) to predict functional status at discharge or functional gain (response). Evidence of a dose-response relationship using simple models has been equivocal. 4 Modeling functional improvement is limited by the strong associations among admission, discharge, and gain measures. 5 Because admission functional status is the strongest predictor of discharge functional status, 6 -7 when it is included as a predictor of gain, it accounts for most of the variance in the outcome. Consequently, relationships between therapy or any other potential contributor and functional gain are masked. Using residual change scores (RCSs; the difference between actual and predicted discharge status) as the dependent variable removes the overwhelming effect of admission status on improvement. When modeling raw gain, we are able to identify individuals who gain the most (typically those with the lower function at admission who have the most room for improvement), but when modeling the residuals, we are able to identify persons who gain more or less than expected, regardless of their initial status. This enables us to better understand the impact of clinical variables on response to therapy for all persons. This article illustrates how modeling RCSs unmasks therapy characteristics that are related to more or less than expected gains.
Materials and Methods

Sample
The data came from 2 multicenter observational studies that examined rehabilitation outcomes in acute and subacute inpatient rehabilitation facilities. Each facility used its existing protocol to determine the types and amounts of therapy and length of stay (LOS) for each subject. The 8 acute facilities included 1 Veterans Affairs hospital; the others were private facilities, including not-for-profit and for-profit facilities. The 5 subacute facilities included 1 skilled nursing facility and 4 subacute units within acute and rehabilitation hospitals. Although a number of impairment groups were eligible for inclusion in each setting, only persons with stroke were studied in sufficient numbers across settings to be included in this study.
The inclusion criteria were: Ն18 years of age, first stroke, and multidisciplinary inpatient rehabilitation in either an acute or subacute setting. Data were collected in 2 phases: acute rehabilitation (1993 to 1998) and subacute rehabilitation (1996 to 2000). A total of 228 persons with stroke were enrolled in these studies; 30 had atypical lengths of stay (17 Ͻ1 week; 13 Ͼ8 weeks) and were excluded from this analysis.
Instruments and Instrumentation
Instruments are described in detail previously 8 and are summarized here. As part of the acute rehabilitation study, lists of therapy activities by discipline were developed by an advisory group. Members represented the major clinical disciplines that provide services at inpatient rehabilitation hospitals as well as consumer and family representatives. A Delphi process 9 was used to reach consensus on appropriate goals, activities, and barriers.
Twenty-five therapy activities each were identified by occupational therapists and physical therapists, and 21 activities were identified by speech language pathologists. Therapists used their clinical judgment to classify each activity and record the number of 15-minute units spent primarily in that activity. With clinician input, we aggregated time spent in the 71 therapy activities into 5 categories: evaluation and screening, function-focused activities, impairment-focused activities, discharge planning, and case management. The evaluation category included initial evaluation and screening activities, the discharge planning category included patient/ caregiver education, home visits, and team/family conferences, and the case management category included documentation, and consultation with team members and with payors. Table 1 shows the classification of therapy activities into the 2 remaining categories: function-focused and impairment-focused activities. We summed the units within each therapy activity category by discipline.
Motor, sensory, and cognitive impairments were assessed to characterize stroke (impairment) severity. 8 Ratings were calibrated using rating scale (Rasch) analysis. 10 For ease of interpretation, calibrated values were transformed to a measure ranging from 0 to 100, with higher values representing less impairment. The Rasch estimate of reliability (0.86, interpreted similarly to Cronbach's ␣) provided evidence of reliability of the measure for this sample, and the fit of the items to a single construct provided evidence of its validity in this application.
The Functional Independence Measure (FIM) 11 instrument was used to characterize patients' activity restrictions. 12 Motor items were grouped by activities that are typically the focus of occupational therapy (OT; eating, grooming, bathing, upper and lower body dressing, toileting, and bowel and bladder management) and physical therapy (PT; bed/chair/wheelchair, toilet, and tub/shower transfer, walking, and stair climbing); a third item set (comprehension and expression, social integration, memory, and problem solving) characterized cognitive function. 6 These 3 item sets were calibrated and produced excellent reliability estimates (0.93, 0.90, and 0.90, respectively). As in previous FIM calibrations, 13 ratings from admission and discharge were cocalibrated for each scale to provide stable estimates of item difficulty, and separate person measures were produced for admission and discharge. Measures from the Rasch analysis were transformed to range from 0 to 100, with larger numbers indicating less activity restriction.
Six additional variables were used in preliminary modeling: age at admission, setting (acute or subacute), and 4 computed variables. LOS was computed by subtracting admission date from discharge date, but because of the skewed distribution of LOS, the natural log (Log e LOS) was used in the analysis. The interval between stroke onset and admission (OAI) was computed by subtracting the admission date from the onset data (using the Log e for the same reason). Intensity of function-focused activity by discipline was computed by dividing the number of therapy units within that category by the LOS, and intensity of impairment-focused activities was computed similarly. Intensities were multiplied by 15 to represent the average number of minutes per day.
Analysis
In each case for persons receiving therapy from those disciplines, OT intensity was used to model self-care improvement, PT intensity was used to model mobility improvement, and speech language pathology (SLP) intensity was used to model cognitive improvement. For comparison purposes, improvement was also modeled using function-and impairment-focused intensities for the disciplines combined. In modeling these improvements, we chose the discipline that was most related to the intended effect. Because little time was spent on evaluation, case management, and discharge planning, analyses were restricted to time spent in function-and impairmentfocused activities. Correlations between the independent variables were used to evaluate collinearity among the predictor variables. Preliminary regression analyses were conducted to identify nonsignificant independent variables common across analyses to reduce the number of predictors in the models. These analyses identified age, 
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Log e OAI, and setting (acute or subacute) as nonsignificant predictors of residual gain and these variables were dropped. Because the setting effect was nonsignificant, data from both settings were combined for analyses.
Simple regression was used to predict discharge functional status from admission status and compute RCS. Results are reported in terms of percentage of variance in discharge status explained by admission status. A hierarchical model was then used to assess the influence of therapy characteristics (LOS; function-and impairmentfocused intensity) beyond the effect of patient characteristics in predicting residual change. In the first model, only impairment at admission was entered. In the second model, gender and therapy characteristics were added to the model. Results are interpreted in terms of the effect that therapy characteristics have on higher or lower than expected gains. Lower than expected gains are reflected in negative regression coefficients, and higher than expected gains are reflected in positive regression coefficients, with higher than expected gains considered beneficial. Significant changes in R 2 values were used to determine significant improvements in the explanatory power of the model provided by the addition of the therapy characteristics. Multiple regression results are reported in terms of the percentage of variance in the RCS explained by the independent variables and the standardized regression coefficients (␤), t-statistics, and significance levels for each independent variable. A similar analysis was conducted using the RCS based on the impairment measure. Table 2 summarizes the demographic characteristics for the sample. Correlations and summary statistics for impairment severity, intensity of function-and impairment-focused activities, and LOS for each sample are presented in Tables 3 and  4 . Impairment severity is negatively related to LOS for all groups; that is, more severely impaired persons tended to have longer LOSs. For the group receiving PT, the intensity of function-and impairment-focused therapy is related (collinear) but not for the groups receiving OT or SLP, perhaps because it is harder to differentiate the 2 foci in PT activities. For those receiving OT and SLP, of interest is the negative relationship between impairment severity and functionfocused intensity: more impaired persons tended to receive more function-focused therapy. The average OT intensity is higher for impairment-focused activities (t 
Results
Sample Description
Prediction of Discharge Status and RCS
In the simple regression model, admission functional status significantly predicts discharge functional status: the adjusted R 2 s are: 0.628 for self-care, 0.517 for mobility, and 0.737 for cognition. Less variance is accounted for in predicting RCS than discharge status. Admission impairment severity accounts for little variance in the hierarchical regression model: 2% in self-care, 7% in mobility, and 4% in cognition. For self-care and mobility, the percentage of variance explained Although gender was not significant in the modeling of RCS in self-care and cognition, its effect was significant for mobility, necessitating the separate modeling of this change by gender. For self-care and cognition, impairment severity at admission and Log e LOS are significant predictors of RCS for men and women. But for mobility, the variables that predict RCS differ by gender. Men who improve more than expected in mobility are those who have longer LOSs and receive more function-focused PT, whereas women who improve more than expected are those who are less impaired at admission. The intensity of function-focused therapy explains additional variance in terms of who improves more than expected in self-care, whereas the intensity of impairment-focused therapy does not. That is, those who improve more than expected in self-care are those who are less impaired at admission, have longer LOSs and receive a higher average intensity of function-focused OT. Those who improve more than expected in cognition are those who are less impaired at admission and have longer LOSs. The coefficients and test statistics for each model are presented in Table 5 . The ␤-coefficients show the relative importance of each of the predictors in the model in explaining RCS. Using disciplinespecific function-and impairment-focused intensities explained slightly more variance in the self-care and mobility RCS: 24% and 25%, respectively (compared with 20% and 23% when using intensities combined across discipline) and the same in cognition RCS: 7%. When we modeled impairment severity at discharge controlling for admission severity (results not reported here), the intensity of impairment-focused activities was not a significant predictor. This result supports the conclusion that more time spent in impairment-focused activities is not associated with greater than expected improvement, whether defined in terms of activity improvement or impairment reduction.
Discussion
RCSs were used to evaluate the relative importance of therapy focus, intensity, and LOS on greater than expected functional gain, controlling for stroke severity. Although there is growing evidence that suggests rehabilitation therapies have at least a modest effect on functional outcomes, it has not been established that simply increasing the amount of therapy improves outcomes, or for whom more or less therapy should be provided. Studies repeatedly identify the impact of patient severity, but identifying factors of rehabilitation therapy that are most strongly related to differences in patient outcomes are an important next step in the exploration of maximizing therapy benefits.
We compared the explanatory power of using combined therapy intensities across discipline versus discipline-specific therapy intensity and found that discipline-specific intensities did a slightly better job of showing a dose-response effect. Classifying therapy activities into function-and impairmentfocused activities also provides more specific information on the kind of therapy that is related to better outcomes. Although previous research has not examined functionversus impairment-focused activities, these results support research that concluded that the content and timing of therapy may be more important than the amount. 14 This study does not address therapy timing, but it provides useful information on the effect of therapy content on outcomes.
The results show that persons who gain more than expected are less severely impaired at admission; however, stroke severity at admission alone accounts for little variance in residual change. Therapy characteristics significantly increase the amount of variance explained by the predictive model. In the regression analysis, the contribution of therapy intensity (␤) is comparable to that of stroke severity and LOS, contrary to previous results in which it contributed little compared with initial status and LOS. 6 Modeling RCS instead of raw gain thus provides stronger evidence of a doseresponse relationship than found previously. As indicated by the nonsignificant setting effect in the preliminary regression analysis, the relationship between function-focused intensity and residual change did not differ across settings, suggesting that content and intensity of therapy maximizes outcomes rather than the settings in which they are delivered.
There are 2 possible explanations for the significant gender effect in mobility improvement. In our sample, women were more impaired and lower functioning than men at admission (data not shown), thus confounding the effect of gender on RCS. As a result, the type of therapy activities might differ for men and women. For more severely impaired persons in general, physical therapists might focus on bed mobility rather than locomotion, and because bed mobility is not assessed in the FIM, their mobility improvement would be underestimated. As in previous research, 7 age and OAI are related to admission status (data not shown) and complicate the modeling of raw gain. When RCSs are modeled instead of raw gain, neither variable has an independent effect. Using this approach, we may be able to detect the effect on outcomes of other patient or therapy characteristics, such as comorbidities, that are relevant but collinear with initial status.
RCS Role in Understanding Therapy Effectiveness
Change or gain in function is a fundamental concern in rehabilitation. However, measuring change is fraught with methodological difficulties. 15 Raw gain scores are typically modeled in examining the effectiveness of rehabilitation therapy, but drawbacks to using raw gains are obvious. For example, extreme scorers are likely to show more change when assessed the second time than people with more moderate initial scores because scores regress toward the mean. 16 As a result, raw gains have a curvilinear relationship to initial status. 7 RCSs have the advantage of having a zero correlation with initial status, thereby allowing analyses to concentrate on questions of efficacy. 17 Therefore, the identification of patients who gain more than expected is not biased by initial status, and the relationship of therapy to outcome can be examined more directly.
RCSs have drawbacks. As with raw gain, they are less reliable than the estimates at each time point, 15 and their interpretation is cumbersome. Because RCSs are relative, not absolute, a complete understanding of them requires knowledge of the representativeness of the sample, average group change, and whether higher or lower scores represent benefits. 17 In this study, the acute and subacute samples are comparable in terms of demographic characteristics and functional status at admission to persons with stroke receiving rehabilitation services in facilities that participated in the Uniform Data Systems for Medical Rehabilitation (UDS) database during the time period covered by this study. 18 -19 A comparison of average group change is not possible because UDS reports data on the total FIM motor scale, whereas this study used separate self-care and mobility subscales. However, the direction of beneficial change is clear; higher than expected change scores are interpreted as greater rehabilitation effectiveness.
Implications for Future Research
Using an alternate model of improvement, we have established that longer duration and greater intensity of some types of therapy are associated with greater than anticipated reductions in activity restriction. That is, it provides evidence of a dose-response effect in that more therapy is related to greater than expected gains. Using this approach along with theorybased definitions of rehabilitation treatments, 20 the role ther-apy plays in specific types of improvement can be examined more rigorously in future research.
These results have implications for the practice of rehabilitation under postacute care prospective payment (PPS). The amount of therapy per day in skilled nursing facilities has dropped significantly to low-moderate levels since 1996. 21 Although the optimal duration and intensity of functionfocused therapy is unknown, this study suggests that unchecked, changes such as those currently occurring in postacute care may occur at the expense of reduced activity restrictions for persons with stroke.
Study Limitations
Although this study was conducted at a number of sites offering rehabilitation services, it may not reflect the diverse acute and subacute rehabilitation programs across the nation. Although the facility refusal rate was low, self-selection may create bias. Also, data were collected before PPS was implemented at these sites, and therefore, LOSs were longer than are now common. In assessing the effect of SLP intensity, the measures used may have been less sensitive to aspects of stroke disability that were the focus of therapy, such as swallowing and aphasia. Finally, our post hoc classification of therapy activities may not have produced information that is as useful as a theoretically derived taxonomy of rehabilitation therapies. 22 
Summary
Unlike previous studies using raw functional gains, therapy intensity accounted for a significant proportion of the variance in residual functional change. Differences were unmasked by examining function-and impairment-focused intensities separately. Results differ for residual change in self-care, mobility, and cognition, and for mobility, by gender. The results support studies suggesting that content and amount of therapy are important aspects.
